Introduction
============

Surgical treatments, including aneurysm excision and vascular prosthesis implantation, of abdominal aortic aneurysm (AAA) are standard procedures, but the prevention of complications is important. The prevention of intestinal ischemia, buttock claudication, and sexual dysfunction is of particular importance and are reviewed below.

Intestinal Ischemia
===================

Intestinal ischemia in the sigmoid colon/rectum after AAA surgery is a serious complication associated with high mortality, although the incidence is low (1%--3%)^[@R1],[@R2])^; the mortality has been reported to be particularly high at approximately 50%--90% when concomitant full-layer necrosis and peritonitis occur and enterectomy is required.^[@R1],[@R3])^

In general, intestinal ischemia does not occur if either the inferior mesenteric artery (IMA) or bilateral internal iliac artery (IIA) is patent; however, the most important point in terms of the prevention is the preoperative/intraoperative evaluation of blood circulation in the left half of colon and the rectum. It is particularly important to check the patency of IMA in the preoperative contrast computed tomography examination. In AAA, IMA is often occluded by mural thrombi in the aneurysm. In such cases, blood flow is likely to be abundant in the marginal mesenteric artery and meandering mesenteric artery from the superior mesenteric artery (SMA) and collateral circulation between the middle hemorrhoidal artery, which is a branch of bilateral IIA, and IMA, and intraoperative reconstruction is generally not required ([**Fig. 1**](#figure1){ref-type="fig"}).

![Fig. 1 Occlusion of the orifice of the inferior mesenteric artery in a patient with infrarenal abdominal aortic aneurysm (arrow). Three-dimensional reconstruction of a computed tomographic angiogram shows the meandering mesenteric artery which provides collateral circulation between the superior and inferior mesenteric arteries (arrow heads).](avd-12-2-ra.19-00038-figure01){#figure1}

However, the process for IMA cannot be determined based only on the preoperative diagnostic imaging results. Sufficient backflow of blood from IMA during the operation suggests that it can be ligated safely. Conversely, IMA reconstruction should be performed if backflow of blood from the patent IMA is poor or not possible at all, or if ischemia of the colon is noted ([**Fig. 2**](#figure2){ref-type="fig"}).^[@R4])^

![Fig. 2 Reimplantation of the inferior mesenteric artery into the artificial graft (arrow).](avd-12-2-ra.19-00038-figure02){#figure2}

IMA reconstruction is also required in cases wherein any stenosis/obstructive lesion is observed in the celiac artery/SMA, the IMA has a large diameter, the IMA is patent and thick meandering mesenteric artery is observed, blood flow of the bilateral IIA cannot be preserved, and the patient has a history of resection of the rectum and/or sigmoid colon because postoperative intestinal ischemia is likely to occur.^[@R3],[@R4])^

In general, the necessity of reconstruction is determined based on IMA blood flow checked intraoperatively, and IMA reconstruction is considered necessary when IMA stump pressure is ≤40 mmHg, or IMA stump pressure/systemic blood pressure ratio is ≤0.4.^[@R5])^

Currently, no accurate data are available to indicate how often IMA reconstruction is required; nevertheless, IMA reconstruction is reportedly necessary in 5%--10% of cases wherein surgery is performed according to the above criteria.^[@R3])^ At our department, of the 238 cases wherein the indication was judged based on the IMA stump pressure measurements and transanal rectal Doppler examination results, 89.0% (202/227) had an SMA-dominant pattern, 5.7% (13/227) had an IMA dominant pattern, and 5.3% (12/227) had an IIA dominant pattern of blood supply to the sigmoid colon and rectum, and IMA reconstruction was ultimately required in 9.7% (23/238) and in 14% (15/106), when the bilateral IIA was ligated.^[@R6])^ In endovascular stent grafting, anterograde blood flow of IMA is always blocked in principle, but intestinal ischemia does not represent a major problem as a postoperative complication; this affords collateral evidence for the above data.

IIA was mainly responsible for the perfusion of the sigmoid colon and rectum only in 5.3% (12/228) of the cases. In addition, among SMA-dominant cases, IMA stump pressure/systemic blood pressure ratios were 0.68 in the bilateral IIA ligation group, 0.66 in unilateral IIA preservation group, and 0.72 in bilateral preservation group, showing no significant intergroup differences.^[@R6])^ These data suggest that IIA is only weakly, if at all, involved in blood flow in the sigmoid colon and rectum when collateral circulation from SMA is available.^[@R7])^ The involvement of IIA in blood flow in the sigmoid colon and rectum requires further studies in the future.

In addition to the IMA blood flow, a report comparing a large number of cases has identified emergency surgery, acute circulation insufficiency, chronic renal failure, duration of aortic blockage, intestinal compression, and mesenteric artery embolism as risk factors,^[@R1],[@R8],[@R9])^ suggesting that the prevention of embolism, intestinal compression, and acute circulation insufficiency is as important as IIA and IMA processing.

Buttock Claudication
====================

After surgery, some patients with AAA complain of pain in the buttocks during walking. This is considered as a claudication symptom attributable to gluteal muscle ischemia due to intraoperative ligation of IIA that results in reduced blood flow. The preservation or reconstruction of IIA blood flow may be the most reliable approach for the prevention of gluteal claudication ([**Fig. 3**](#figure3){ref-type="fig"}); however, there exists the problem of objective evaluation.^[@R7])^ In Europe and the United States, the prevalence of the iliac artery aneurysm complication among patients with AAA is 20%,^[@R10])^ and straight grafts are used in 30%--66% of operated cases of AAA.^[@R11],[@R12])^ In contrast, of the cases of AAA treated at our department, 48% were complicated with iliac artery aneurysm^[@R10])^; the high frequency of this complication is another problem in Japan.

![Fig. 3 Reconstruction of the internal iliac artery. The right IIA was directly anastomosed to the EIA in a side-to-end fashion (arrow).](avd-12-2-ra.19-00038-figure03){#figure3}

The incidence of buttock claudication after ligation or coil embolization of IIA has been reported to be approximatley 11%--50%,^[@R7],[@R13])^ and in such cases, the following five options are possible for collateral circulation to IIA:

1.  Mesenteric route: IMA--superior rectal artery--intracolonic vessels--middle rectal artery--IIA

2.  Lumbar artery route: lumbar artery--iliolumbar artery--IIA

3.  IIA route: contralateral IIA--lateral sacral artery--ipsilateral IIA

4.  External iliac artery (EIA) route: EIA--deep circumflex iliac artery--inferior gluteal artery--IIA

5.  Deep femoral artery route: deep femoral artery--medial circumflex femoral artery--obturator artery--inferior gluteal artery--IIA

However, in our study, intraoperative angiography did not show blood flow from IMA to IIA, and no significant correlation was found between IMA stump pressure and IIA stump pressure^[@R7])^; accordingly, the mesenteric route is unlikely to play a major role in the occurrence of gluteal muscle ischemia after AAA surgery.^[@R14])^ Furthermore, in AAA surgery, all lumbar arteries branching from the aneurysm are ligated; thus, they cannot serve as a main collateral route to IIA. Accordingly, the IIA route, EIA route, and deep femoral artery route are important as possible collateral routes to IIA after AAA surgery.

In our study involving the IIA stump pressure value measurements during AAA surgery,^[@R7])^ the IIA--brachial pressure ratio (IBI), which is calculated as IIA stump pressure/brachial artery pressure, in cases wherein postoperative buttock claudication occurred was 0.62, which was significantly lower than 0.76 observed in cases without postoperative buttock claudication; the ratio exceeded 0.65 in none of the cases with postoperative buttock claudication. Furthermore, a significant inverse correlation was found between recovery time (RT) and IBI measurements after treadmill walking (slope, 12%; 2.4 km/h for 3 min) using near-infrared spectroscopy (NIRS) 1 month after the operation. These data suggest that the IIA stump pressure values measured intraoperatively serve as a predictor for the occurrence of postoperative buttock claudication.

In our study involving NIRS examinations of buttock claudication over time in 24 postoperative cases of AAA wherein IIA was ligated intraoperatively (bilateral IIA ligation, 13 cases and unilateral ligation, 11 cases),^[@R15])^ buttock claudication tended to improve progressively after surgery with time; after 6 months of surgery, the patients, on an average, experienced no or only mild pain during/after treadmill walking. This finding suggests that buttock claudication may no longer be a clinical problem at this stage. Recovery ability index (RAI), calculated as RT/waking time, also shortened progressively after surgery, and RAI values at 20 months after surgery in 8 cases were all ≤1.0.^[@R15])^ Comparing different surgical procedures, both RT and RAI tended to be longer with bilateral IIA ligation relatively early after surgery, but almost no differences were found ≥1 year after surgery; there were no long-term differences in terms of buttock claudication between bilateral and unilateral IIA ligation.

Another report has also documented comparable incidence rates of buttock claudication after unilateral and bilateral IIA ligation and coil embolization (36% and 40%, respectively), and the buttock claudication symptom disappeared within 1 year in 2/3 cases in both groups.^[@R13])^

The results described above indicate that the preservation of IIA blood flow is desirable from the viewpoint of buttock claudication, but proactive IIA reconstruction may not be indicated so often. Furthermore, from the technical point of view, reconstruction of IIA is relatively easy at its origin, but can be very difficult at the periphery; careful judgment is thus required on whether IIA reconstruction is necessary.

Sexual Dysfunction
==================

Vasculogenic erectile dysfunction (ED) due to IIA ligation and retrograde ejaculation due to neurological damage are the two major types of sexual dysfunction in men after AAA surgery.

Vasculogenic sexual dysfunction (vasculogenic ED)
-------------------------------------------------

AAA is often associated with arteriosclerosis, and cardiovascular risk factors, including hypertension, dyslipidemia, smoking, and diabetes, contribute to penile arterial insufficiency. Therefore, the incidence of ED in patients with AAA is higher than that in healthy individuals, and caution should be exercised because some patients have ED before surgery.^[@R16])^

In patients who undergo endovascular aneurysm repair, incidence rates of new ED after coil embolization of bilateral and unilateral IIA have been reported to be 32%--38% and 60%, respectively.^[@R17],[@R18])^ In addition, the penile--brachial blood pressure ratio, which is known as the penile--brachial index, has been reported to be ≤0.6, suggesting the possibility of circulatory disorder, but has decreased by 13% and 39% after coil embolization of unilateral and bilateral IIA, respectively.^[@R19])^

For erection, sufficient blood flow is required to run into the deep arteries of the penis (cavernous arteries of the penis) in a short period of time, and it is important that antegrade blood flow from at least the unilateral IIA to inner pudendal artery is preserved. In some cases of AAA, the only possible peripheral-side site of anastomosis is in EIA because of marked aneurysm or arterial stiffness of the bilateral common iliac artery (CIA); however, if IIA is ligated bilaterally, blood flow to the penis is insufficient, and vasculogenic sexual dysfunction occurs. In such cases, vasculogenic sexual dysfunction can be prevented by reconstructing one IIA.

Moreover, intraoperative arterial blockage can damage intrapelvic blood flow and cause ED through microembolism, plaque rupture, and dissection^[@R16])^; therefore, protective operations are important. Other factors possibly relevant to postoperative ED include drugs, such as antihypertensive agents and statins, and mental factors, such as stress and anxiety.^[@R16])^

Neurogenic sexual dysfunction
-----------------------------

The superior hypogastric plexus, which is involved in the ejaculation function in particular among the sexual functions, is formed by the abdominal aortic plexus below the superior mesenteric plexus with lumbar splanchnic nerves (L1, 2, and 3) originating from the lumbar ganglion of the sympathetic trunk, and reaches the anterior promontory from the abdominal aortic bifurcation. Furthermore, it branches to the left and right hypogastric nerves immediately under the promontory level, passes the medial side of the IIA downward, and reaches the inside of pelvis.^[@R20])^ The main trunk of superior hypogastric plexus often deviates from the midsagittal line to the left, and its main body runs anteriorly to the left CIA downward ([**Fig. 4**](#figure4){ref-type="fig"}).^[@R20])^

![Fig. 4 Intraoperative view of the main sympathetic pathways that supply intrapelvic organs.](avd-12-2-ra.19-00038-figure04){#figure4}

In usual AAA surgery, these nerves can be cut around AAA and at various heights of intrapelvic distribution while detaching. Particularly when the hypogastric nerve is cut at the site where it passes anteriorly to the CIA downward, retrograde ejaculation is described to occur, though erection remains unaffected. While the incidence of retrograde ejaculation after AAA surgery has been reported to be 3.3%--9%,^[@R21],[@R22])^ the ejaculation function has been reported to be retained in 90% of cases when only one side of lumbar splanchnic nerves is cut.^[@R23])^

Therefore, the preservation of the superior hypogastric plexus and lumbar splanchnic nerves in one side, particularly the left side, is required to prevent retrograde ejaculation. Any damage to these nerves and the inferior mesenteric plexus is avoided by incising the aneurysm wall slightly on the right side of the midline. In addition, it is particularly important to preserve the left hypogastric nerve because the superior hypogastric plexus to the hypogastric nerves pass anteriorly to the bilateral CIA downward.^[@R20])^ While opening the left CIA aneurysm or anastomosing a synthetic graft and the left CIA, surgical operations should be performed with adequate care to detach nerves from the arterial wall carefully and to avoid any damage.

Conclusion
==========

I reviewed methods to prevent intestinal ischemia, buttock claudication, and sexual dysfunction, which are complications of surgical treatments, including aneurysm excision and vascular prosthesis implantation, of AAA. For the prevention of complications, it is important to understand and get familiarized with the local anatomy and pathophysiology; we must also remember to always operate in a minimally invasive manner to prevent any tissue damage.
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